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PREFACE
Aquaculture industry is getting more attention all over the world because of 
its nature of providing food, export earnings, employment generation and 
upliftment of the socio-economic status of rural people.
Recently shrimp is in great demand in international markets. This demand 
can not be met by the fisheries. Hence there is a spurt in intensive 
aquaculture activities.
In India, shrimp aquaculture is shifting from semi-intensive to intensive type. 
High stocking densities in intensive aquaculture encourage the development 
and transmission of many diseases within cultured populations
The prevention and control of diseases are now considered to be the priority 
area of shrimp aquaculture for its development and sustainability. The 
intensification of shrimp production based on progress in zootechnology, 
occurred despite a lack of scientific knowledge about shrimp physiology. 
Within this field, research in immunology has been a subject of only minor 
interest, particularly when compared to other animals.
Shrimp immunology is a key element in the development of strategies for the 
control of diseases in shrimp aquaculture. Now serious investigations are 
progressing on the immune system of shrimp.
One of the primary requirement in understanding the immunology of any 
species is the knowledge on the origin, development, and maturation 
sequence of effector cells or hemocytes. In shrimps, host defense
mechanism is largely based on the activities of the blood cells or hemocytes. 
There is not much studies on the origin, development, and maturation 
sequence of hemocytes. we fee! that it is essential to initiate studies on 
these aspects in the Indian white prawn Penaeus indicus which is 
extensively used as a candidate species for aquaculture in India. Hence the 
present study was initiated with a view to fill the vacuum in the knowledge of 
above area.
INTRO DUCTIO N
INTRODUCTION
Crustaceans like other arthropods, have an open circulatory system. Hence, 
the blood has been termed 'hemolymph'. The hemolymph of crustaceans 
carries numerous non-pigmented cells called hemocytes. Since an open 
circulatory system is more susceptible to repeated intrusions from the 
surrounding environment, interest in hemocytes have been revived and 
enlarged because of their implication in wound repair and defense 
mechanisms.
The location of stem cells, the cell lineage, and the activities and fate of 
crustacean hemocytes, particularly those of decapods have been the subjects 
of numerous studies. In the literature, there are several synonymous terms 
for the hemocytes and for the hematopoietic tissue. In earlier papers, 
hematopoietic tissue was referred to as the lymphogenic, lymphocytogenic, 
leucopoietic, or globulinogenic tissue or organ (Cuenot 1893, 1904; Kollman 
1908). Hemocytes have been called leukocytes or amoebocytes, and some 
authors devised complicated terminologies for various kinds of hemocytes. 
These terminologies were often based on supposed similarities to mammalian 
blood cells (George and Nichols, 1948).
Earlier attempts to classify crustacean hemocytes were based on 
morphological criteria such as cell size, shape and the presence or absence 
of cytoplasmic granules. Many workers have recognized three types of 
hemocytes based on purely morphological criteria. The hemocyte categories
were: hyaline, semigranular, and granular cells (Johnson 1980; Bauchau, 
1981).
Some workers have developed a scheme for classifying decapod hemocytes 
that includes morphology, cytochemistry, antigenic characteristics, functional 
and Hemogram stud!es(Martin and Graves, 1985; Hose at a!., 1987; Hose 
and Martin, 1989; Tsing et al., 1989; Hose et al.,1990; Hose et al., 1992; Karin 
Van de Braak and WPV van der Knaap, 1998).
The hemocytes of crustaceans are reported to participate in numerous 
physiological activities such as production o f hemocyanin, ecdysis, 
carbohydrate transport and metabolism (Stang-Voss, 1971; Bauchau and 
Plaquet, 1973; Williams and Lutz, 1975). The defense reactions of crustacea 
which include wound repair, clotting of the hemolymph, phagocytosis, 
encapsulation, hardening of the cuticle and release of prophenoloxidase 
activating system (Fontaine and Lightner, 1973; Smith and Ratcliffe, 1980; 
White and Ratcliffe, 1982; Vacca and Fingerman, 1983; Hose et al., 1984; 
Durliat, 1985; White and Ratcliffe, 1985; Hose and Martin, 1989; Krol et al., 
1989; Omori etal., 1990; Durliat, 1992; Soderhall and Cerenius, 1992).
Decapod hemocytes are produced within the specialized tissue called 
hematopoietic tissue. The location and architecture of the hematopoietic 
tissue vary greatly, between species. In decapods two patterns of 
organisation of hematopoietic tissue have been described; Lobular and 
nodular. Lobular hematopoietic tissue have been seen in crabs, crayfish and 
lobsters. The hematopoietic lobules are situated within a sheet of spongy
connective tissue overlying the stomach. The connective tissue layer in turn is 
covered by a thin intimal layer. Stem cells line the apical boarder of each 
lobule and maturing hemocytes migrate toward the hemal space. Young 
hemocytes are liberated into adjacent hemal spaces and then into the general 
circulation. (Ghiretti-Magaldi et a!., 1977; Johnson, 1980; Martin et al., 1993; 
Chaga et al., 1995).
Nodular hematopoietic tissues has been found only in penaeid shrimps. This 
appear as paired epigastric nodules, vi/hich are composed of highly branched 
blood vessels, each vi/ith developing hemocytes forming a thickened wall. A 
hemopoietic artery branches from each of the ophthalmic arteries, just 
anterior to the heart. As the vessel approaches the cardiac stomach, it 
divides repeatedly to form a delta of progressively smaller tubules lying on the 
dorsal surface of the foregut (Oka, 1969; Martinet al., 1987).
However, the typical lobular hematopoietic tissue has been identified at the 
base of Maxillipedes of Penaeus (Bell and Lighner, 1988).
Bohm and Gersch (1983) and Bell and Lightner (1988) reported foose 
aggregations of hematopoietic tissue around the antennal artery of cray fish 
and penaeid shrimp respectively.
Since the major effector cells of defense system in crustaceans are 
hemocytes. The study of their origin will assist our understanding of 
crustacean immunology, hematology and physiology. Recently lot of interest 
is being generated in understanding the defense mechanisms of crustaceans
because with expansion of shrimp aquaculture there is an increased in 
problem of disease outbreaks.
The objectives of this study are,
(1) To get a better in sight into hematopoietic system of Indian white prawn 
Penaeus indicus which is cultivated extensively.
(2) To gain better understanding of the crustacean hematopoietic tissue and 
the origin of effector cells of crustacean immunity.
REVIEW
OF
UTERA TURE
REVIEW OF LITERATURE
Hematopoietic tissue; The location of hematopoietic tissue was first 
described in Pa/aemonetes van'ans by Allen (1893) and subsequently in a 
variety of crustaceans (Cuenot, 1893, 1904). The hematopoietic organs were 
identified by the presence of dividing and maturing hemocytes in the 
hematopoietic tissue {Allen, 1983; Cuenot, 1904; Bruntz, 1907; Kollman, 
1908).
In pagurid and caridean decapods, the hematopoietic tissue occured next to 
or enveloped the ophthalmic artery, either at its anterior end or along its entire 
length (Cuenot 1893, 1904).
Miculicich (1905) described hemocyte forming nodules in the anterior part of 
the trunk o f the parasitic copepod BranchieUa sp
Bruntz (1907, 1909) investigated the hematopoietic tissue not only in 
decapods, but in most of the other groups of higher crustaceans. In 
Eumalacostracans, the hematopoietic tissue was located in each group as 
follows. Isopoda {Ligia, Oniscus, AseUus, Paragnathia): bilaterally in one or 
both of the last thoracic segments and in the first abdominal segment. 
Amphipoda (Tafitrus, Gammarus, Protella) bilaterally in the head. 
Stomatopoda {Squilla) along the surface of the ventral artery. Mysidacea 
{Mysis): On the surface of the cardiac stomach; and Cumacea (Iphnioe) 
bilaterally, in the fifth thoracic segment. The author has not located the 
hematopoietic tissue in the leptostracan Nebalia geoffroyi and suggested 
that this group depend on direct division of cells in the hemolymph.
Hematopoietic tissue was located bilaterally, at the base of each limb in the 
anostracans Artem/a satina and Branchipus schaefferi {Lcchhead and 
Lochhead, 1942). Debaisieux (1952) found hematopoietic tissue in the same 
position in the anostracan Chirocephalus diaphanus, but hematopoietic 
tissue was lacking in the branchiuran Argufus foUaceus (Debaisieux 1953).
Oka (1969) found a new lymphoid organ of prawn Penaeus orientalis in the 
epigastric region. Lymphocytes and lymphoid tissues were noticed in the 
newly found organ and reported that the leukopoietic organ can also be called 
as lymphoid organ.
Charmantier(1972) described the hematopoietic organ of crab 
Pachygrapsus marmoratus. It was formed of long modules surrounded by a 
conjuctive septum. Two types of cells were noticed in the hematopoietic 
organ: large stem cells with large nuclei present at the periphery of the 
nodules and round hyaline leukocytes with small round nuclei.Thickness of 
the organ, density of the nodules and mitotic index were studied. The 
thickness of the organ was maximal in D3 molt stage.
Ghiretti-Magaldi et al., (1977) investigated the ultrastructure of hemocytes, 
hematopoietic organ and also observed the presence, origin and evolution of 
cyanoblasts and cyanocytes in the hematopoietic tissue of crab 
Carcwus mae/ias. The organ was composed of cup-shaped lymphatic^ 
follicles located in the dorsal wall of the gizzard. The single follicles were lined 
by a basement membrane with one opening. Mitosis was observed in the
follicles. Differentiation of hemoblasts into hemocytes occurred in the follicles. 
The cells detached from the follicle through its open side.
Bazin (1979) conducted the cytological study on the hematopoietic organ of 
the crab Carcinus maenas. It was formed by nodules. Nodules were 
surrounded by a limiting layer which included collagenous filaments and 
basal lamina. Fibrocytes and semigranulous hemocytes were lined this 
limiting layer. These hemocytes were transformed in fibrocytes. Fibro-blast 
like cells, with well developed intercellular junctions were the first cell type. 
They were differentiated into mitotic cells. These mitotic cells were named as 
hemocytoblasts and they were stem cells for hyaline hemocytes.
Johnson (1980) have conducted investigations on the hematopoietic tissue of 
the blue crab CaUinectes sapidus in intermolt, pre-and post molt animals. 
The tissue was situated in a sheet of spongy connective tissue. The 
connective tissue was joined to the epithelium of the cardiac stomach at 
intervals and hemal sinuses occurred on both sides of the connective tissue. 
The organ was arranged into lobules composed of stem cells and young 
hemocytes. In intermolt animals, each lobule was composed of a layer of 
hemocytes upto ten cells deep.
Bauchau (1981) investigated the structure of hematopoietic tissue of the crab 
Eriocheir sinensis and reported that tissue spreads extensively over the 
dorsal and lateral walls of the foregut. In each nodule, stem cells with large 
nuclei and hyaline cytoplasm underwent regular mitosis and produced small
hyaline daughter cells which left the body cavity and migrated into the general 
body circulation.The stem cells were called as hemoblasts.
Lightner and Redman (1982) found the hematopoietic tissue was located at 
the base of Maxillipedes during their investigation on the histopathology of 
aflatoxicosis in the marine shrimp Penaeus stylirostris and P. vannamei.
Bohm and Gersch (1983) have conducted studies on the cephalic gland 
situated in the antennal segment of cray fish Orconectes limosus. 
Topographical, histological and radioimmunological investigations of this 
gland demonstrated that this tissue was not an endocrine gland, it was a 
dorso-Iateral part of the hematopoietic complex. This hematopoietic complex 
lay on the dorsal and lateral wall of the foregut. The hematopoietic complex 
was formed of nodules and frequently there were also expanded ridge like 
structures instead of nodules.
Martin et al. (1987) described the architecture and fine structure of the 
epigastric hematopoietic nodules of the ridgeback prawn Sicyonia ingentis at 
light and election microscopic levels. The nodules consisted of a highly 
branched series of tubules that contained the maturing hemocytes within the 
connective tissue stroma. Four hemocyte categories were observed in the 
hematopoietic tissue.
Beil and Lightner (1988) have conducted the investigation on histology of 
penaeid shrimp Penaeus stylirostris and found the hematopoietic tissues 
located in epigastric region, at the base of maxillipedes, surrounding the 
lateral arterial vessel, and antennal gland region. The hematopoietic tissue
surrounding the lateral arterial vessel was quite extensive and covers large 
portion of vessel.
Martin et al., (1989) described the fine structure of major arteries of the shrimp 
Sicynia ingentis and reported three vessel morphologies. The hematopoietic 
vessels that branch off the ophthalmic arteries displayed the third type of 
vessel wall morphology. The lumen of the vessel was lined by a very thin 
basal lamina, which completely encircled the endothelial cells. Interna! to the 
endothelial cells there was a layer composed of hemocytes of various 
maturation stages embedded in a matrix of fibroblast like cells and collagen 
fibrils.The morphology of the vessel was same as that described for tubules of 
the epigastric hematopoietic tissues in the ridgeback prawn 
Sicyonia ingentis.
Martin et al., (1993) investigated the hematopoietic tissue in the american 
lobster Homarus americanus and reported that the tissue was covering the 
dorsal surface of the foregut and it was composed of loosely attached ovoid 
lobules containing stem cells and maturing hemocytes. Cross sections of the 
lobules were reported to contain between 6 and 40 hematopoietic cells. The 
mitotic index was ranged from 0.7% to 15.8% with a mean average of 5.1% in 
intermolt lobsters.
Chaga et al., (1995) investigated the hematopoietic tissue of the signal cray 
fish Pacifastacus leniusculus and reported that hematopoietic tissue 
covered the dorsal and dorso-iateral surface of the stomach. It was 
surrounded by a thin sheath of spongy connective tissue and was composed
of several types of hematopoietic cells, which were densely packed in lobules 
and were also present in interlobular spaces. Five types of hematopoietic 
cells were identified by means of differential interference contrast microscopy 
and electron microscopy.
Hematopoiesis: Early investigations on hematopoisis in crustacea (Cuenot, 
1893; Bruntz, 1907; Kollman, 1908) suggested that the circulating hemocytes 
of crustacea derived from a hematopoietic organ made by lymphocytogenic 
nodules located either around the opthalmic artery or gizzard walls. These 
researchers have developed a single line of differentiation, with granulocytes 
arising from the hyaline hemocytes.
According to Koilman (1908) the hematopoietic nodules were formed by 
mesenchymal cells some of which become connective tissue and produced a 
supporting matrix while others evolved into various kinds of ameboid 
hemocytes after proliferation and detachment from the nodules.
Marrec (1944) reported that mitotic activity in hematopoietic tissue of crab 
Carcinus maenas was high during the intermolt period i.e. moltstage B and 
early C, and low immediately after molting (Stage A). The majority of 
hemocytes were released during the ecdysinal interval ie moltstages D 
through A.
Charmantier (1972) studied hematopoiesis during different stages of molting 
in the crab Pachygrapsus marmoratus From molt stage A (exuviation) to 
molt stages C2 to C3 of the post molt, the thickness of the hematopoietic 
organ and the mitotic index were increased during the above mentioned
stages. The nodules with stem cells at molt stage A were filled with hyaline 
leukocytes. At molt stage C4 there was decrease in hematopoietic activity 
which was indicated by lowered mitotic index and smaller size of nodules. 
From premolt stages DO toD3 (stages of premolt) activity was raised again. 
The thickness of the organ was maximal in D3 molt stage, and in this stage, 
there was an accumulation of formed leukocytes. The hyaline leukocytes 
formed in the stages of premolt were released in D3 before exuviation. The 
hemolymph was reported to contain numerous granular leukocytes in premolt 
stages. Probably from the differentiation of hyaline leukocytes which were 
liberated at post molt stages C2 to C3.
Ghiretti -  Magaldi et al., (1977) noticed that the hematopoiesis in the crab 
Carcinus maenas occurred in the lymphocytogenic nodules of the gizzard 
walls. All blood cells were derived from a single cell line which proliferated in 
the nodules. The stem cells or hemoblasts differentiated into circulating 
hemocytes and into cyanoblasts, which were non-circulated blood cells. Their 
differentiation into cyanocytes was characterised by the synthesis and 
accumulation of hemocyanin. Four kinds of hemocytes were identified. One 
agranulated and three different granulated cell types.
Johnson (1980) described three types of stem cells in the hematopoietic 
tissue of the blue crab Callinectus sapidus. Each stem celt was present in 
different lobules. One cell had granular nuclei of 6 to Sum diameters with 
distinct nucleoli, and densely basophilic, finely granular cytoplasm. The 
second type of stem cell had dense homogeneous nuclei with the same 
measurements of the first one. Mitotic figures were rare in areas of dense
homogenous nucleated ceils. Third type had smaller homogeneous nuclei of 
about 5.Sum in diameter and lacked distinct nucleoli. Another type of nodule 
of about one to two cells depth was also mentioned and which possessed 
high mitotic activity.
The author has studied the hematopoiesis during different molt stages, and 
reported that the major release of hemocytes occurred during the ecdysial 
interval (molt stages D4 through A) and also mentioned the effect of stress on 
hematopoiesis.
Hose et al., (1984) studied the pathogenesis of Fusarium so/ani infections in 
the California brown shrimp, Penaeus californiensis and reported low mitotic 
activity of hematopoietic tissues of the penaeid shrimp. During infections, 
mitotic activity was doubled in the epigastric hematopoietic tissue.
Martin et al,, (1987) suggested the existence of two hemocyte maturation 
lines in hematopoietic tissue of the ridgeback prawn, Sicyonia ingentis and 
reported four hemocyte categories based upon the presence, size and type of 
cytoplasmic granules and the presence of cytoplasmic deposits. The 
hemocyte categories were: agranular, small granule with cytoplasmic 
deposits, small granule without cytoplasmic deposits and large granule 
hemocytes. The division of cells were reported in a granular cells and small 
granule hemocytes without cytoplasmic deposits.
Hose et al (1992) reported hematopoiesis in paired epigastric hematopoietic 
nodules and studied the production and release of hemocytes throughout the 
molt cycle in the shrimp Sicyonia ingentis. They also reported the
morphological stages in the transition of hematopoietic stem cells into hyaline 
and granulocyte hemocytes.
Martin et al., (1993) described the same method of hemocyte maturation lines 
in the american lobster, Homarus americanus as in the case of penaeid 
shrimp Sicyonia ingentis.
Chaga et al.,(1995) described five types of hematopoietic cells in the 
hematopoietic tissue of the signal craytish Pacifastacus leniusculus by 
means of differential interference contrast and Electron microscopy. Type 1 
cells appeared to be non-differentiated and were located only in the apical 
parts of the lobules. Type 2 cells possess numerous cisternae of rough 
endoplasmic reticulum and granules with a striated structure. These cells 
occurred a more distal position in the lobules and were often found to divide. 
Type 3 cells were present in the distal parts of the lobules as well as in the 
interlobular spaces. They were characterised by large and swollen cisternae 
of the rough endoplasmic reticulum and numerous striated granules.Type 4 
cells had two kinds of granules striated, which were similar to the granules of 
type 2,3 cells, and large refractile granules with a typical of granules inside the 
granular hemocytes.
Type 2,3 and 4 cells might represent the different stages of granular 
hemocyte development. Type 5 cells contain small, 0.3 -  0.6um granules in 
their cytoplasm. They might be early precursors of semigranular hemocytes.
MA TERIALS  
AND  
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MATERIALS AND METHODS
Experimental protocol;
Healthy Indian prawns (Penaeus indicus H.Milne Edwards) were collected by 
operating cast net from the co-operative prawn farms located at Vypeen 
island, Cochin (India). Prawns averaged 8.5 -  10gm were used in this study. 
Prawns were stocked in 50 liter plastic tub equipped with an air supply. 
Salinity and temperature were maintained at 17+/-1 ppt and 28+/-1°C 
respectively.
Histological Techniques:
Healthy prawns were injected with Davidson’s fixative of about 1% of their 
body weight (Be)J and Lightner, 1988) using a 2cc tuberculin syringe fitted 
with a 21G-needle.
Injected prawns were cut into different tissues like 1®’ Maxillipede, 2"^ 
Maxiflipede, 3'"'^  Maxillipede, 2"^, 3^ ,^ 4^  ^ 5‘  ^ pereopods, dorsal surface of 
the cephalothorax, and base of antenna region.
Soon after separation all the tissues were fixed in Davidson’s fixative for 24 
hours duration.
To aid in the localization of the hematopoietic tissues located on the dorsal 
side of the hepatopancreas on either of the forgut in the region of 
cephalothorax, indian ink (came!) was injected into the heart of live prawns 
(Martin et al., 1987). Approximately 2 minutes later shrimps were dissected 
and tissues were kept in a Davidson’s fixative.
After 24hrs period of fixation, tissues of cephatothorax were left in 
decalcifying solution (1% Nitric acid in 70% Alcohol) for one to three days 
depending on the size of the tissues. The tissues were washed thoroughly in 
three changes of 70% isopropyl alcohol for 1 hr duration in each change.
The tissues were then dehydrated in ascending grades of isopropyl alcohol. 
First the tissues directly transferred to 70% alcohol, left for overnight. From 
70% the tissues were transferred to 80% and then to 90% where they kept for 
one to two hrs each. Two changes were given in 100% alcohol for one hour 
each.
The tissues were cleared by immersing in alcohol -  chloroform (1:1v/v) 
mixture followed by two changes of pure chloroform. The duration of 
treatment of tissues in alcohol -  chloroform mixture, first chloroform change 
and second chloroform change were given for 3 hrs, overnight, and 6hrs 
respectively.
The tissues were kept in chloroform-wax mixture for 2 hrs and then 
transferred to paraffin wax (Mark, 58-60°C M.P.) for infiltration. Three changes 
were given in molten wax for a duration of one hour each. Paraffin molded 
blocks were prepared and sections were cut at 5-6um thickness in rotary 
microtome.
The deparaffinised sections were stained with three different stains. The 
stains used were
a) Mason’s Trichrome stain (Melby and Altman, 1984)
b) Van Gieson’s stain (Melby and Altman, 1984) and
c) Haemotoxylin -  Eosin (Culling et al., 1985)
The stained sections were observed and photographed.

RESULTS
In the Indian white prawn Penaeus indicus (H.Milne Edwards), hematopoietic 
tissues were located on the dorsal surface of the hepatopancreas and dorso­
lateral surface of the stomach, at the base of first two pairs of maxillipedes, 
around lateral arterial vessel, and antennal gland region.The location of 
hematopoietic tissues were shown in fig.1.
1. Epigastric Hematopoietic Tissue: Hematopietic tissue was located on 
the dorsal surface of the hepatopancreas and stomach, which was 
arranged into nodules. Nodules were surrounded by thick connective 
tissue, lined with basement membrane. Each nodule was divided into 
lobules. Each lobule consisted of connective tissue capsule. Inner to the 
capsule, elongated spindle or pyramidal shaped, flattened cells with 
condensed nuclei were seen. Interdigitating with the flattened cells, there 
were large cells with abundant cytoplasm. Nuclei of these cells were either 
vesicular or homogeneous with prominent nucleoli. These cells had 
different staining characters, some appeared lightly basophilic without 
visible granules. Others cytoplasm appeared granular with basophilic or 
eosinophilic stain. Inside the lobule, cells of different morphology with 
homogeneous nuclei were observed. Abundant mitotic figures were 
noticed.
The large cells appeared to be stem cells undergoing various stages of 
differentiation. Inner to the stem cells, the cells appeared to be maturing 
into various types of hemocytes(fig: 2,3, 4,5,6).
2. Maxillipede Hematopoietic Tissue
2.1 First maxillipede : Hematopoietic tissue was arranged into lobules. The 
individual lobules were seperated by a loose connective tissue fibres. 
The lobules were interspersed with hemal sinuses and totally 
surrounded by muscle tissue. In each lobule, stem cells with vesicular 
or homogeneous nuclei wfth prominent nucleoli were observed. The 
cytoplasm was dense, basophilic and appeared granular. Appearances 
of these cells were similar to that of stem cells described for epigastric 
nodule.
Cells of intermediate size having homogeneous nuclei and smaller 
cells with condensed nuclei were also seen. Large numbers of cells 
with different morphology were observed.
Many of the lobules contained only matured hemocytes and the stem 
cells were very limited in number, where as in other lobules, abundant 
number of stem cells were noticed. In these lobules, large number of 
stem cells were undergoing mitosis(fig; 7,8)
In certain lobules, one side was found to contain very thin connective 
tissue through which hemocytes escaping into the hemal sinuses(fig.9)
2.2 .Second maxillipede: The appearance and structure of hematopoietic 
tissues were similar to the hematopoietic tissue of 1®* maxillipede. They 
maintained same lobular structure and same type o f cells constituted 
the hematopoietic tissue. However the lobules appeared small in size
and less in numbers. The hematopoietic activity was also reduced as 
indicated by less number of mitotic figures in each lobule (fig:10,11).
Lateral arterial vessel; Around the arterial vessel formation of 
hematopoietic tissue was noticed. The hematopoietic tissue was 
arranged into lobules. Wall of the lobules was surrounded by loose 
connective tissue and fibroblast like cells. Internal to the fibroblast cells, 
large cells were seen which were undergoing mitotic divisions. These 
large cells appeared to be stem cells or hemoblast cells. Internal to the 
stem cells, there were several types of hemocytes {fig: 12,13).
Antennal gland region; In close association with antennal gland 
tubules or within the intertubular spaces several lobules were present. 
The lobules contained vesicular nucleated stem cells and dividing cells. 
Lobules were closely associated with hemal sinuses (fig:14,15,16).
FIGURES

Fig. 1; Diagram of location of hematopoetic tissues in the Indian white prawn 
Penaeus indicus.
a. Epigastric hematopoietic tissue
b. Maxillipede hematopoietic tissue
c. Lateral arterial vessel hematopoietic tissue

Fig. 2: Section of the stomach region showing hematopietic tissue (arrow) on 
the epigastric region; H&E; 100X.
Fig. 3: Enlarged view of the Epigastric hematopoietic tissue showing the stem 
cells, maturing cells and mitotic figures (arrows); H&E; 400X.

Fig. 4; Nodular structure of the Epigastric hematopietic tissue(arrow). Within 
the nodule, lobules can be seen; Mason’s Trichrome stain; 100X.
Fig. 5; Enlarged view of the epigastric hematopoietic tissue showing stem 
cells and maturing cells. The large cells with abundant cytoplasm are stem 
cells (arrow). Smaller cells are differentiating hemocytes at various stages; 
Mason’s Trichrome stain; 400X.
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Fig. 6: Enlarged view of the epigastric hematopoietic tissue showing the 
lobules containing large stem cells and smaller cells. Smaller cells are 
differentiating into hemocytes(arrows); Van Gieson’s stain; 400X.
Fig.7; Section of the first maxillipede showing extensive formation of 
hematopoietic tissue; Mason’s Trichrome stain; 100X.

Fig. 8: Enlarged view of hematopoietic lobules in the first maxillipede. Several 
stem cells and differentiating hemocytes are seen in the lobules(arrows); 
Mason’s Trichrome stain; 400X.
Fig. 9; Hematopoietic tissue of first maxillipede. In hematopoietic lobules 
active differentiation of hemocytes from stem cells can be seen . Hemocytes 
escaping into the hemal sinuses are also seen(arrows); Van Gieson’s stain; 
400X,

Fig, 10: Section of the second maxillipede showing focal areas of 
hematopoietic tissue (arrows); H&E; 100X.
Fig. 11; Enlarged view of second maxillipede hematopoietic tissue showing 
stem cells, differentiating hemocytes, and mitotic figures can be seen(arrows); 
H&E; 400X.

Fig. 12: Longitudinal section of lateral arterial vessel hematopoietic tissue. 
Lateral artery is shown by arrow. Several lobules are seen on the surface of 
lateral artery; Mason’s Trichrome stain; 100X.
Fig, 13: Enlarged view of lateral artery hematopoietic tissue. Stem cells and 
differentiating hemocytes can be seen within the lobules(arrows); Mason’s 
Trichrome stain; 400X.

Fig.14. Section showing antenna! galnd region. Several lobules of 
hematopoietic tissue are dispersed in the antennal gland tubules (arrows);
H&E; 100X.
Fig, 15: Section of a hematopoietic lobule in the antennal gland region, which 
Is interspersed with hemal sinuses(arrow); H&E; 100X.

Fig 16: Enlarged view of the hematopoietic lobule in the antenna! gland region 
showing hemal lacunae(arrows); H&E; 400X.
D ISC U SSIO N
DISCUSSION
The present study dealt with hematopoietic tissues of the Indian white prawn 
Penaeus indicus
In the Indian white prawn Penaeus indicus hematopietic tissues were 
recorded on the dorsal surface o f the hepatopancreas and stomach, at the 
base of first two pairs of maxillipedes, around lateral arterial vessel and 
antennal gland region.
Sheet like epigastric hematopoietic tissue have been found in crabs /ike 
Carcinus maenas  (Ghiretti-Magaldi et al., 1977; Bazin, 1979), Caih’nectes 
sapidus (Johnson, 1980), Pachygrapsus marmoratus (Charmantier, 1972); 
in Cray fish like Orconectes limosus (Bohm and Gersch, 1983) 
Pasifastacus Jeniusculus (Chaga et al., 1995) and in lobsters like Homarus 
americanus (Martin et ai., 1993).
Nodular epigastric hematopoietic tissue have been found in Penaeid shrimps 
like Penaeus orientaHs (Oka, 1969), Sicyonia ingentis (Martin et al., 1987) 
and Penaeus sty/irostris (Bell and Lightner, 1988).
In addition to the epigastric hematopoietic nodules, Bell and Lightner (1988) 
also reported the presence of hematopoietic tissues at the base of first three 
pairs o f maxillipedes, around lateral arterial vessel and antennai gland region.
In the present study we could identify the hematopoietic tissue in all areas 
described by the above authors except in the third pair of maxillipedes. Since 
the above authors observations were in different crustacean species. The
different result obtained by us in Penaeus indicus may be due to species -  
specific or generic -  specific difference. Hence it is an important observation.
In the Indian white prawn Penaeus indicus epigastric hematopoietic tissue 
was arranged into nodules, which were surrounded by a thick connective 
tissue layer lined with basement membrane. Nodules were composed of 
lobules, which were surrounded by connective tissue capsule. Inner to the 
capsule, large spindle or pyramidal shaped stem cells with flattened nuclei 
were recorded. Interdigitating with the spindle shaped cells, large cells with 
vesicular or homogeneous nuclei with prominent nucleoli were observed. 
Among these cells, some appeared basophilic without visible granules, others 
cytoplasm appeared granular with basophilic or eosinophilic stain.
Johnson (1980) described the lobular structure of epigastric hematopoietic 
tissue in the blue crab Callinectes sapidus which did not formed nodules. 
The lobular structure was observed in the present study also. But all lobules 
together were surrounded by a fibrous connective tissue forming a nodule.
Martin et al.,{1987) had reported nodular structure for the epigastric 
hematopoietic tissue of ridge back prawn Sicyonia ingentis and each nodule 
contained branched network of circular tubules surrounding the central hemal 
space and adjacent tubules were separated by loose connective tissue. Bell 
and Lightner(1988) also noted a nodular structure with lobules having fibrous 
connective tissue layer. The present observations were In conformity with that 
o f Bell and Lightner (loc.cit). since Martin et al., (1987) had done their work 
using electron microscope they might have got better resolution. Hence the
tubular structure for the epigastric nodules could not be ruled out in the 
present case.
In the american lobster Homarus americanus Martin et al., (1993) studied 
the epigastric hematopoietic tissue and the tissue was composed of loosely 
attached ovoid lobules containing hematopoietic precursors and maturing 
hemocytes. The structure of the hematopoietic tissue was very similar to 
hematopoietic tissue described by Johnson (1980).
Chaga et al., (1995) reported the epigastric hematopoietic tissue of the 
freshwater cray fish Pacifastacus leniusculus which also were composed of 
lobular structure very similar to epigastric tissues of lobsters (Martin et al., 
1993) and crabs (Johnson, 1980).
The present study broughtout that the epigastric tissue of shrimps were 
having a nodular structure as reported by Martin et al.,(1987) and Bell and 
Lightner (1988).
The cells composing the lobules were stem cells and various cells of 
differentiating stages containing agranular and granular cytoplasm. The 
cytoplasm stained differentially also. These types of cells were also reported 
in epigastric hematopoietic tissues of lobsters, cray fish, crabs, and shrimps 
(Johnson,1980; Martin et al., 1987; Hose et al., 1992; Martin et al., 1993; 
Chaga et al., 1995).
In the present study, hematopoietic tissues were noticed at the base of first 
and second pair of maxillipedes o f the Indian white prawn Penaeus indicus. 
The hematopoietic tissue was arranged into lobules, which were seperated by
a loose connective tissue fibres. The lobules were interspersed with hemal 
sinues and totally surrounded by muscle tissue. In each lobule, stem cells with 
vesicular or homogeneous nuclei with prominent nucleoli were observed. The 
cytoplasm was dense, basophilic and appeared granular.
Bell and Lightner (1988) were the first authors to report the hematopoietic 
tissue in the maxilltpedes of blue shrimp Penaeus stylirostris. They have 
reported the presence of hematopoietic tissue in three pairs of maxililipedes.
According to Bell and Lightner (1988), the hematopoietic tissue was organized 
into lobules, which were surrounded by thin fibrous connective tissue.
The loose connective tissue fibres surrounding the lobules of Indian white 
prawn were appeared similar to that of connective tissue fibres of blue shrimp. 
Structure of hematopoietic tissue in maxillipedes of Penaeus indicus in 
present study agrees with the observation of above authors (Bell and Lightner 
loc.cit). However in the present study hematopoietic tissues were noticed only 
in first two pairs of maxillipedes. In this respect our study differs with the 
observation cited above.
The internal structure of maxillipede hematopoietic tissue described in the 
present work was inconformity with follicular structure for epigastric 
hematopoietic tissue and sheet of epigastric hematopoietic lobules described 
in crabs Carcinus maenas, and CaWnectes sapidus (Ghiretti -  Magaldi et 
al., 1977; Johnson, 1980).
In the present work it was noticed that the hematopoietic tissue had 
composed o f lobules very sim ilar to eplgastnc hematopoietic tissue of crabs.
Bell and Lightner (1988) reported the formation of hematopoietic tissue 
around the lateral arterial vessel in the blue shrimp Penaeus stylirostis.
In the present study, we could identify the hematopoietic tissue around lateral 
arterial vessel. The tissue was arranged into lobules, which were surrounded 
by loose connective tissue. This structure of arterial vessel hematopoietic 
tissue was appeared similar to that of arterial vessel hematopoietic tissue of 
blue shrimp Penaeus stylirostris.
Hematopoietic lobules were also noticed in the antennal gland tubules or 
within the intertubular spaces of Indian white prawn Penaeus indicus. Bell 
and Lightner (1988) also reported the hematopoietic tissue in the antennal 
gland region of blue shrimp Panaeus stylirostris.
The present study revealed that hematopoietic tissue of Penaeus indicus 
was composed of epigastric nodules, tissue at the base of first two pairs of 
maxillipedes, lobules around lateral arterial vessel, and lobules in the antennal 
gland region. The epigastric nodules/tissues were reported earlier by many 
workers. However the presence of hematopoietic tissue in the region of 
maxillipedes, lateral arterial vessel and antennal gland region were reported 
only by Bell and Lightner (1988). We also reported the hematopoietic tissue at 
same locations with minor differences. This is an important finding. Detailed 
studies were required to elucidate the fine structure and maturation process of 
hemocytes in these locations.
SUM M ARY
SUMMARY
1. White prawns {Penaeus indicus) were collected from co-operative prawn 
farm, Vypeen Island. These prawns were used for study of hematopoietic 
tissues using standard histological methods.
2. Hematopoietic tissues were recorded on epigastric region, at the base of 
first two pairs of maxillipedes, around lateral,arterial vessel, and antennal 
gland region.
3. Epigastric hematopoietic tissue was formed of nodules, which were 
surrounded by thin connective tissue, lined with basement membrane. 
Each nodule was divided into lobules. Lobules were surrounded by 
connective tissue capsule and had spindle or pyramidal shaped, flattened 
cells with condensed nuclei and large cells. These large cells had 
abundant cytoplasm with vesicular or homogeneous nuclei. The large cells 
appeared to be stem cells undergoing various stages of maturation.
4. Maxillipede hematopoietic tissue was found at the base of first two pairs of 
maxillipedes.
5. First maxillipede hematopoietic tissue was arranged into lobules, which 
were separated by loose connective tissue fibres. In each lobule, stem 
cells had vasicular or homogeneous nuclei. The cytoplasm appeared 
dense, granular and basophilic. Appearances of these cells were similar to
that of stem cells described for epigastric hematopoietic nodule. Cells of 
intermediate size having homogeneous nuclei and smaller cells with 
condensed nuclei were seen.
6 . The structure of second maxillipede hematopoietic tissue was similar to 
the ham atopoietic tissue of first maxillipede. In the case of second 
maxillipede, hematopoietic lobules were small in size and less in number.
7. Hem atopoietic tissue was found around the lateral arterial vessel. The 
tissue was organised into lobular units as described for maxillipede 
hematopoietic tissue.
8. Isolated hematopoietic tissues were also recorded among the antennal 
gland tubules or within the intertubular spaces. They maintained the same 
lobular structure.
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